1. Introduction {#s0005}
===============

Diclofenac sodium \[N-piperidino-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-3-pyrazole-carboxamide\] is one of the analgesic-antipyretic-nonsteroidal anti-inflammatory drug. Diclofenac is a widely used for the treatment of rheumatoid arthritis, osteoarthritis and ankylosing spondylitis osteoarthritis, musculoskeletal injuries, and post surgery analgesia in human and veterinary medicine ([@b0015]). The molecule is practically water insoluble, but it is readily absorbed from the gastrointestinal tract as the salt form.

Various analytical techniques have been reported for the quantification of diclofenac sodium (DS) in different matrices. High-pressure liquid chromatography detection (HPLC) is the most common used method for the determination of DS in biological sample or dosage forms ([@b0015], [@b0060], [@b0110], [@b0105], [@b0075], [@b0025], [@b0055], [@b0090], [@b0005], [@b0045], [@b0050], [@b0010], [@b0085], [@b0065], [@b0020], [@b0070], [@b0080], [@b0040]).

Analytical methods keep on updating with time as per the requirements so as to develop a simple, reliable, cost effective, reproducible and above all a method bearing a high level of accuracy and precision.

Our study aimed to develop a rapid, robust, selective, sensitive, and precise HPLC method for the determination of DS. The assay method was validated using by USP 26 ([@b0095])or by the ICH guidelines ([@b0030]). The linearity, accuracy, precision, specificity, limit of detection (LOD), and limit of quantification (LOQ) and used for in determination of drug content of the DS in different pharmaceutical commercial products.

2. Materials and methods {#s0010}
========================

2.1. Materials {#s0015}
--------------

Diclofenac was a gift from Spimaco (Riyadh, Saudi Arabia). All other reagents and chemicals were of HPLC analytical grade, and were used as received. Water was deionized and purified using a Milli-Q Reagent Grade water system (Millipore Cor), poration, Bedford, MX 01730, USA).

To determine the content of Diclofenac Sodium in conventional tablet available in Saudi market, randomly select the following products (Brand name: voltaren®, Clofen®, voltaic®, Rapidus® and Rofenac® label claim: 50 mg Diclofenac per tablet).

2.2. Liquid chromatography conditions {#s0020}
-------------------------------------

The HPLC system consisted of Waters 1525 binary pump Separation module (Waters, USA) fitted with C~18~ column (300 mm × 4.6 mm). The autosampler injection system (Waters 2707) used was a 10 µl sample loop. A Millipore Swinnex type filter (pore size = 0.45 µm) was obtained from Millipore (Bangalore, India). A Waters HPLC system equipped with a Waters 484 variable UV absorbance detector and a Waters 2707 plus autosampler was used. Waters 515 solvent delivery system was used to operate the gradient flow through a symmetry C ~18~ column (4.6 × 75 mm, 3.5 μm spherical particles). with 0.05 M orthophosporic pH 2.0 and acetonitrile as 35 and 65%, respectively as a mobile phase at a flow rate of 2.0 mL/min and the run time was 2 min. Degassing was achieved via filtration through a 0.45 μm Millipore membrane filter and sonication for 10 min. The injection volume was 20 µl and detection was at 210 nm. The HPLC system was operated at 25 °C. Data were collected with a Breeze Chromatography Manager Data Collection System. A daily standard calibration curve (6 standards ranging from 10 to 200 µg/ml was prepared to determine the unknown DS concentration.

2.3. Preparation of stock solutions {#s0025}
-----------------------------------

The stock standard solution of DS was prepared in methanol at a concentration of 0.5 mg/mL and stored in 4.0 mL glass vials in a refrigerator at 4 °C. Different working standard solutions of DS(10--200 µg/ml) were prepared by diluting of the above mentioned stock solution in pure methanol and were stored at 4 °C.

2.4. Validation of diclofenac HPLC assay {#s0030}
----------------------------------------

The RP-HPLC method for DS assay was validated in term of accuracy, reproducibility, linearity, specificity, LOD, LOQ, and robustness according to ICH Harmonized Tripartite Guidelines. Three standard calibration curves were prepared at different times (at least three months) to evaluate the linearity, precision, accuracy and stability.

### 2.4.1. Specificity {#s0035}

The specificity of the HPLC method was evaluated to ensure that there was no interference from the excipients present in the formulations. The specificity was studied by injecting the excipients.

### 2.4.2. System specificity {#s0040}

The system suitability was assessed by six replicate analyses of DS at a concentration of 20 μg/ml. The acceptance criterion was ±2% for the percent relative standard deviation (% RSD) for the peak area and retention times for DS.

### 2.4.3. Linearity and range {#s0045}

Linearity is the ability to obtain test results that are directly proportional to the concentration of the analyte. Linearity was determined by three injections of seven different DS concentrations (10, 20, 80, 120, 160 and 200 µg/ml). The average peak areas were plotted against concentrations. Then linearity was evaluated using the calibration curve to calculate coefficient of correlation, slope and intercept. In general, a value of correlation coefficient (r^2^) \> 0.998 is considered as the evidence of an acceptable fit for the data to the regression line

### 2.4.4. Accuracy {#s0050}

The accuracy of an analytical method expresses the nearness between the expected value and the value found. It is obtained by calculating the percent recovery (R%) of the analyte recovered. In this case, to evaluate the accuracy of the developed method, successive analysis (n = 3) for three different concentrations (200 ng/ml, 120 ng/ml and 20 µg/ml) of standard DS solution were performed using the developed method. The data of the experiment were statistically analyzed using the formula \[% Recovery = (Recovered conc. /Injected conc.) × 100\] to study the recovery and validity of the developed method. The mean recovery should be within 90--110% to be accepted.

### 2.4.5. Precision {#s0055}

Precision of a measurable technique is the degree of agreement among individual tests, when the technique is applied repetitively to analyze multiple replicates in three different occasions. The intraday precision was assessed by analyzing the calibration curves of six replicates of different concentrations of DS within the same day. The inter-day precision was determined by analyzing of six replicates of different concentrations of DS on three different days. The total precision of the method was expressed as the relative standard deviation (%RSD). In the current method development and validation protocol, precision was determined by six replicate analyses at a concentration of 120 µg/mL of standard DS solution using the developed method and % RSD ≤ 2% was accepted.

### 2.4.6. Limit of detection and limit of quantification {#s0060}

LOD is the lowest concentration in a sample that can be detected, but not necessarily quantified under the stated experimental conditions. LOQ is the lowest concentration of analyte that can be determined with acceptable precision and accuracy. These two parameters were calculated using the formula LOD = 3.3 × SD/S and LOQ = 10 × SD/S, where SD = standard deviation of response (peak area) and S = slope of the calibration curve.

### 2.4.7. Robustness {#s0065}

The robustness of an analytical procedure is the measure of its capacity to remain unaffected by small, but deliberate variations in method parameters and provides an indication of its reliability during normal usage. The robustness was studied by evaluating the effect of small but deliberate variations in the chromatographic conditions.

### 2.4.8. Analysis of a marketed formulation {#s0070}

To determine the content of Diclofenac Sodium in conventional tablet (Brand name: voltaren®, Clofen®, voltaic®, Rapidus® and Rofenac® label claim: 50 mg Diclofenac per tablet), twenty tablets were weighed, their mean weight determined and finely powdered. The weight of the tablet triturate equivalent to 50 mg of Diclofenac Sodium was transferred into a 50 mL volumetric flask containing 30 mL methanol, sonicated for 30 min and diluted up to 50 mL with methanol. The resulting solution was centrifuged at 3000 rpm for 5 min and the drug content of the supernatant was determined (1000 μg/mL). Supernatant was taken and after suitable dilution the sample solution was then filtered using 0.45-µm filter (Millipore, Milford, MA). The above stock solution was further diluted to get sample solution of 50 μg/mL. A 20 μl volume of sample solution was injected into HPLC, six times, under the conditions described above. The peak areas were measured at 210 nm and concentrations in the samples were determined using multilevel calibration developed on the same HPLC system under the same conditions using linear regression equation.

2.5. Data and statistical analysis {#s0075}
----------------------------------

In vitro results were expressed as mean ± SD of at least three replicates. The HPLC results of DS were calculated using linear regression without weighting, according to the equation: Y = 0.0225x + 0.8858, where Y is the area under the peak (AUP) ratio of the drug and X is the concentration of DICNA. The % RSD was calculated for all values. Student's *t*-test was used to inspect the concentration difference at each day and one-way analysis of variance (ANOVA) was used to assess the reproducibility of the assay using IBMSPSS Statistics 21. The level of confidence was 95%.

3. Results {#s0080}
==========

3.1. Development of HPLC method {#s0085}
-------------------------------

In [Fig. 1](#f0005){ref-type="fig"}, chromatogram A represents the blank mobile phase, and chromatogram B represents DS with an average retention time of 1.345 ± 0.127 min and with no interfering peaks. This is an indication of the specificity of the developed HPLC method. The retention time was comparable with the shorter published data for DS.Fig. 1HPLC chromatograms of mobile phase spike with 50 µg/ml of lidocaine (1) (chromatogram A) and HPLC chromatograms of mobile phase containing 10 µg/ml DS(2) and 50 µg/ml of lidocaine (1) (chromatogram B).

### 3.1.1. System suitability {#s0090}

The system suitability was assessed by six replicate analyses of DS at a concentration of 20 µg/ml. The acceptance criterion was ±2% for the percent relative standard deviation (% RSD) for the peak area and retention times for DS ([Table 1](#t0005){ref-type="table"}).Table 1System suitability study.Concentration 20 μg/mlRetention time (minutes)Peak areaDrugISDrugISMean (n = 6)1.3450.321,772,8631,212,927SD0.1270.002349339.4728878.47RSD'3.390.692.782.38

3.2. Specificity {#s0095}
----------------

The specificity of the method was monitored by analyzing the placebo and standard solution. No peak was detected close to the retention time of DS, which proved the high degree of specificity of the method ([Fig. 1](#f0005){ref-type="fig"}).

3.3. Linearity, limit of quantification, limit of detection {#s0100}
-----------------------------------------------------------

Linear relationship (r \> 0.999) was observed between AUP of DS and the corresponding concentrations over 10--200 µg/mL ([Fig. 2](#f0010){ref-type="fig"}). The mean linear regression equation of the peak area ratios (Y) versus drug concentrations (X) of DS was typically of the form Y = (b ± S.D.) X ± (a ± S.D.) and it was Y = 0.0222 X − 0.9196 for DICNA. The LOQ of this assay was 3.9 ng/mL with a corresponding relative standard deviation of 4.8 and 4.0%. The LOD was 13.1 ng/mL at a signal-to-noise ratio of \>3.Fig. 2Standered calibration curve of Diclofenac ranging from 10 to 200 µg/ml in mobile phse. Each point represent the mean of 6 determination.

3.4. Precision and accuracy {#s0105}
---------------------------

The accuracy of the method was determined by recovery experiments. The recovery studies were carried out 6 times and the percentage recovery and % relative standard deviation was calculated. From the data obtained, recoveries of standard drugs were found to be accurate ([Table 2](#t0010){ref-type="table"}). The %CV of interday and intraday precision obtained was less than 7% for the drugs as recommended by ICH guidelinesTable 2Inter- and Intra-day statistics.DICNAMeasured concentration (µg/mL)Nominal concentration (µg/mL)Day-1201202002111219119126211201192142212719319116211  Day-2221252052312521021128191201182042011419418126194  Day-3221172071912220121117196231251922212519121128192n181818  Inter-day statisticsMean20.72222222121.667199.833SD1.4473324575.099028.17636Accuracy (%RSD)6.9844461744.190974.09159n666  Intra-day (on day 3), n = 6Mean20.16666667120203.333SD1.1690451945.7619410.0133Accuracy5.796918324.801624.92459(%RSD)

3.5. Recovery, accuracy, and precision {#s0110}
--------------------------------------

Within-day precision and accuracy of the method were determined from replicate analysis (n = 6) of DStest standards at concentrations within the linear range of the assay for each drug ([Table 2](#t0010){ref-type="table"}). The reproducibility of the assay was evaluated by comparing the linear regressions of three standard plots prepared on three different days over a 3-week period. The mean correlation coefficient was \>0.999 with % R.S.D. of the slopes of the three lines beign 4.3%. ANOVA of the data indicated no significant difference (p \> 0.05) in the slopes, intra- and inter-day, of the calibration curves. The results confirmed the reproducibility of the assay method. The mean percentage recovery of 10--200 µg/mL DS was 95.2 ± 4.9%.

3.6. LOD and LOQ {#s0115}
----------------

Signal-to-noise ratios of 3:1 and 10:1 were obtained for the LOD and LOQ respectively. The LOD and LOQ were found to be 2 μg/mL and 4 μg/mL for Diclofenac Sodium.

3.7. Robustness {#s0120}
---------------

The robustness of the method was studied by deliberate changes in the method like alteration in pH of the mobile phase, percentage organic content, changes in the wavelength. It was observed that there was no marked changes in the chromatograms demonstrate that the HPLC methods have developed are robust.

3.8. Stability studies {#s0125}
----------------------

[Fig. 3](#f0015){ref-type="fig"} shows that DS was stable in the processed samples held in the autosampler at 4° and −35 °C for three weeks. There were no evident changes observed in the elution profile and chromatographic reports. All the values of %CV were within the range provided in FDA guidelines (i.e., less than3%), indicating the fact that the developed method is stable ([Fig. 1](#f0005){ref-type="fig"}). However, the samples lost 26.3% (RSD of 6.7%) of its nominal concentration within 3 days if stored in the autosampler at room temperature. Therefore, it is not recommended to keep DS in the autosampler for longer than overnight to ensure reproducibility of the assay. The freeze--thaw temperature cycles did not significantly (p \> 0.05) affect the stability of DS in first cycle, after 72 h, with the mean calculated values within 2.3% of the nominal concentration, while after the third cycle, 11.8% of DS was lost with an RSD of 5.6%. Unexpectedly, exposing DS to drastic conditions revealed that DS is stable in both 2 M HCl and 1 N NaOH solutions even after boiling, losing only 4.3% and 5.2% respectively (RSD of 5.3 and 6.6%) of its nominal value.Fig. 3stability of diclofenac in different temperature for three weeks (n = 6)

3.9. Analysis of a diclofenac in the dosage form {#s0130}
------------------------------------------------

Experimental results of the amount of Diclofenac Sodium in the selected commercial tablets, expressed as a percentage of label claim were in good agreement with the label claims thereby suggesting that there is no interference from any of the excipients which are normally present. The drug content was found to be 99.93% for Diclofenac Sodium five different lots of Diclofenac Sodium tablets were analyzed using the proposed procedures as shown in [Table 3](#t0015){ref-type="table"}.Table 3Analysis of commercial formulation Diclofenac Sodium (50 mg).Brand name (50 mg tabletMean ± SD (n = 6)Recovery (%)Voltaren® manufactured by Novartis kurtkoy in turkey for Novartis pharma AG, basle, Switzerland, lot number is K039249.92 ± 1.1699.70Clofen® manufactured by Julphar Gulf pharmaceutical industries, Ras Al khaima U.A.E. Lot number :C402787A49.85 ± 1.0698.5Voltaic® manufactured by Jamjoom Pharmaceuticals Co., Jeddah, Saudi Arabia. Lot number is B SF 020648.18 ± 2.1398.3Rapidus® manufactured by Tabuk pharmaceutical manufacturing, Batch number (6 m × 391)48.75 ± 1.4098.13Rofenac® Manufactured by Spimaco Al-Qassim Pharmaceutical Plant Saudi Arabia lot number 90217)49.82 ± 1.7698.23

4. Discussion {#s0135}
=============

Many studies reviewed the use of C~18~ for separation of the drug using acetonitrile as the main solvent. These HPLC methods reported in have several disadvantages, including unsatisfactory separation times, poor resolution, complicated solvent mixtures with gradient elution, and long analysis times. The aim of this study was to develop and validate a new simple and rapid analytical method for DS with short run time. The chromatographic runtime is also short. Therefore, the developed analytical method can be reliably employed as an assay method for pharmaceutical study of any dosage form containing DS.

5. Conclusions {#s0140}
==============

A simple, rapid and sensitive analytical method was developed and validated for the analysis for DS. The chromatographic runtime was also short.

Statistical analysis proves that the method is suitable for the analysis of Diclofenac Sodium in pharmaceutical formulation without any interference from the excipients. It may be extended to study the degradation kinetics of Diclofenac Sodium and also for its estimation in plasma and other biological fluids.
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